The indirect-drive approach to inertial confinement fusion 1 involves laser beams that overlap as they enter the hohlraum. Because a power transfer between the beams affects the implosion symmetry adversely, it is important to understand the mechanisms that make such a power transfer possible.
The power transfer between crossed laser beams made possible by an ion-acoustic (sound) wave (grating) has been studied theoretically [2] [3] [4] [5] and experimentally. 6, 7 Previously, 4 we made a two-dimensional analysis of the power transfer between beams with top-hat intensity profiles in a homogeneous plasma. In this article we extend our previous analysis to include three dimensions and arbitrary intensity profiles.
The interaction geometry is illustrated in Fig. 73 .34. Notice that the beam axes intersect at the origin. It was shown in Ref. 4 that the steady-state interaction of the beams is governed by 
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where ω j is the frequency of beam j, v j is the group speed of beam j, ω = ω 1 −ω 2 is the difference between the beam frequencies, and ω s s c = − k k 1 2 and ν s are the sound frequency and damping rate, respectively. Since ω ω << 1 , the differences between ω 1 and ω 2 , and v 1 and v 2 , can be neglected in Eqs. (2) . Henceforth, the subscripts on the nonlinear coefficients will be omitted. These coefficients characterize the way in which the grating responds to the low-frequency ponderomotive force. Apart from a factor of A 1 2 , at resonance β is the spatial growth rate of stimulated Brillouin scattering (SBS) in the strong-damping limit.
It follows from Eqs. 
The boundary conditions are
where J 1 (y,z) and J 2 (x,z) are the upstream intensity profiles of the beams. It follows from Eqs. (3) that the beam evolution in any characteristic plane, labeled by the associated value of z, is independent of the beam evolution in the neighboring planes. Consequently, the method used in Ref. 4 to analyze the twodimensional interaction of the beam applies, with minor modifications, to the three-dimensional interaction considered herein. This method was used by several authors [8] [9] [10] to study the interaction of two pulses in one spatial dimension and time.
It is convenient to define , , ,
Physically, P 1 (x,∞,z) is the power per unit height in the slice of beam 1 that is a distance x from the center the interaction region, and P 2 (∞,y,z) is the power per unit height in the slice of beam 2 that is a distance y from the center of the interaction region. By combining Eqs. (3) and (5), one can show that
It follows from Eq. (6) that
where the distance variables
It follows from Eq. (7), and the relations I 1 = ∂ y P 1 and
By combining Eqs. (3) and (5), one can also show that
Equation (10) and the relations I 2 = ∂ x P 2 and I 1 = J 1 exp(−2βP 2 ) are consistent with solutions (9).
It follows from Eqs. (7) and (10) that
which reflects the fact that the power gained by beam 2 must equal the power lost by beam 1. The power transfer for each slice, T(z) = P 2 (∞,∞,z) − P 2 (∞,−∞,z), is given by
where w z z When α ≠ 0, the interaction of beams 1 and 2 causes their phases to be shifted by φ 1 and φ 2 , respectively. By modifying the analysis of Ref. 4 , one can show that the downstream phase shifts
According to the laws of geometric optics, the beams are deflected in the direction of increasing phase shift.
Equations ( In the second example the upstream intensity profiles I 1 (y,z) = 4 exp (−y 2 − z 2 ) cos 2 (πy) cos 2 (πz) and I 2 (x,z) = 2 exp (−x 2 − z 2 ) cos 2 (πx) cos 2 (πz) produce intersecting filaments. The factors of 4 were included to make the beam powers in this example approximately equal to the beam powers in the first example. Contour plots of the downstream intensity profiles of beams 1 and 2 are displayed in Figs. 73.38(a) and 73.38(b) , respectively. The maximal intensity of beam 2 is 4.6. According to Eqs. (9), the downstream intensities are the products of the upstream intensities and nonlinear transfer functions that depend on the (spatially integrated) power per unit height of each slice. Thus, the intensity profiles in this example evolve in a manner similar to those in the first example: The centroid of beam 1 is shifted in the negative y direction, and the centroid of beam 2 is shifted in the negative x direction. In this example, however, the In summary, we made a three-dimensional analysis of the power transfer between crossed laser beams with arbitrary upstream intensity profiles. We derived simple formulas for the downstream intensity profiles [Eqs. (9) 
